Effect of filtration on reoxidation proceses in aluminium alloys by D. Bolibruchova et al.
 
ARCHIVES 
of 
FOUNDRY ENGINEERING 
 
Published quarterly as the organ of the Foundry Commission of the Polish Academy of Sciences 
ISSN (1897-3310) 
Volume 10 
Issue Special1/2010 
121-126 
 
22/1 
 
Effect of filtration on reoxidation proceses in 
aluminium alloys  
 
D. Bolibruchova, A. Sládek, M. Brůna
Žilinská univerzita v Žiline, Strojnícka fakulta, Katedra technologického inžinierstva  
Univerzitná 1, 01026 Žilina, Slovenská republika 
*Corresponding author. E-mail address: danka.bolibruchova@fstroj.uniaz.sk 
 
Received 05.03.2010; accepted in revised form 23.03.2010 
 
Abstract 
 This article is focused on reoxidation processes during filtration of aluminium alloys. Many of our experimental works pointed out, that 
using filtration media placed in gating system causes reoxidation of poured aluminium alloy. Main aim of our latest work was to validate 
our arguments, that filter in gating system can be considered as obstacle for continuous pouring, with help of computer simulations. This 
article is only a small part of our researches focused on reoxidation processes during filtration of aluminium alloys. 
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1.  Introduction 
 
Basic metallurgical reaction is metal oxidation by 
melting and another metallurgical treatment. Primary oxi-
dation occurs during melting in melt furnace. In moment by 
metal pour out from melt furnace became secondary oxida-
tion. Secondary oxidation overshoot in holding furnace, in 
gating system and by metal flow in casting mould. By 
temperature between liquidus and solidus became tertiary 
oxidation and affects to chemical heterogenity of metal. 
Reoxidation is secondary and tertiary oxidation that occurs 
during solidification. Reoxidation processes, those became 
by metal pouring significantly retrograde quality of cast-
ings. 
Solubility of oxygen in aluminium is very low, less 
than one oxygen atom in 10
35-10
40 aluminium atoms, even 
though is generally known that aluminium and its alloys 
are full of oxides. Oxides can´t infiltrate to inner layers of 
melt with oxide chemical reaction. Oxygen  reacts only 
with surface layer of melt and infiltration to inner layers 
can occur only with mechanical processes when are surface 
oxides entrained to melt volume. The oxide film coarsen 
when is the melt exposed to longer contact with atmo-
sphere. This surface oxide film can be entrained because of 
turbulention and it can be trasported to casting eventually 
causes problems by entry of melt from thicker section to 
thinner.    
Oxidic film can be considered as relatively harmless 
on the surface of the melt. Fixed oxidic film grows from 
the melts surface, atom by atom, as each atom of metal is 
combined with incoming atoms or molecules of the sur-
rounding gas. Filtration is a basic method for refining high-
quality aluminum casting alloys. Despite our own multi-
annual experience and many experimental works, in the 
filtration of aluminum alloys some anomalies were found, 
which denies  so far  published mechanism of filtration, ie, 
the filtration takes place and the occurrence of straining 
and creating filtration cake and the deepfiltration in the 
filter volume. During the usage of a filter media for casting 
aluminum alloys in almost all experiments anomalies arose, 
these anomalies concerning the mechanical characteristics, 
changes in morphology of eutectic silicon, microstructur-
ally changes, which in some cases we failed to exact re-
sponsibly explaination. The aim of this paper is through the 
flow simulation in the filter media, to determine effect of 
the filter in reoxidation process in aluminum alloys.    
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1212.  Working procedures 
 
Two types of filtration medias were used for experi-
mental works – pressed ceramics filters and extruded filters 
of same dimensions (50 x 50 x 15 mm), extruded filter 
specified with 100 csi and pressed filter with 314 holes, 
dimension of holes 2,2
±0,15, and sum area of holes 1194. 
Filtration media placement is shown on fig. 1. Filtration 
proces simulation uprised from many executed experimen-
tal works, which are part of complex study focused on 
filtration of aluminium alloys.  
 
 
Fig. 1. Scheme of placement filters in mould 
  
For mold filling simulation was used ProCAST soft-
ware, which alowed us to observe character of flow runnig 
throught the filters. Instead of basic function used to ob-
serve and analyze flow character of melted metal, was 
developed new approach to analyze these processes. Each 
filtration media was transfered to simulation software, with 
already created and accurate geometry from CAD program 
Solidworks. This fact have significant impact on complex-
ity of whole simulation proces, mainly on creating surface 
mesh and consequently tetrahedron mesh, which ultimately 
influenced the time necessary for simulation (in case of 
pressed filter up to circa 400 calculating hours). However, 
this method of simulation have many advantages compared 
to basic functions offered  by ProCAST. When using basic 
method, software is not counting with exact geometry of 
gaps in filter, so when using, for example extruded filters, 
the result could be distorted. Main advantage of new 
method is possibility to more accurately observe flow of 
melted metal passing throught the filters. With aid of this 
method, we focused our research to analyze reoxidation 
processes in front of filters and also behind filters. Consid-
ered presumption was idea, that filter itself is obstacle in 
gating system, which may cause turbulences. Another im-
portant and observed fenomena is also behind filter, where 
thanks to separating the stream of melt into sum of small 
flows from each filter hole, is growing free surface area of 
melt, exposed to oxidation (reoxidation).  
      To be able to consider ratio of reoxidation, also 
simulation without filter was executed. On fig. 2a is shown 
chill mould with filler (pouring cup) without filter at the 
begining of pouring and on fig. 2b in later phases of pour-
ing. Whole stream of melt is shown like purple colour, 
which represent area with minimal propability of reoxida-
tion product presence.  
 
a)   
 
b) 
 
 
Fig. 2. Simulation of filling chill mould without filtration media : a)  begining of pouring,  b) later phases of pouring 
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122 Also in later phases of filling the colour of melt was 
purple, what means that filling of mould can come through 
without extensive turbulences and reoxidations. On fig. 3 is 
shown cut through the middle of chill mould, where is 
possible to see, thanks to the colour spectrum, that filling 
was relatively calm (fig. 3).  
 
 
Fig. 3. Simulation of filling chill mould without any filters in 
time of pouring – cut 
 
On figure 4a is shown chill mould with filler, before 
pouring with extruded filter. On figure 4b is possible to 
observe, that when is melt passing through extruded filter, 
small increase in possibility of reoxidation products pres-
ence can occur. It is also possible to observe, that holes in 
filter are in close proximity (fig. 4b), so whole stream holds 
together without separating itself to smaller streams. On 
fig. 5a is shown, that thanks to placement of filters in gat-
ing system (pouring cup), melt is holding on inflow side of 
filter, what gives melt chances to extensive atmospheric 
contact. This fenomena showed as red colour of melt free 
surface area within inflow side of filter (obr. 5b). Figure 5b 
and 6 shows place, where extensice turbulences occur. 
Figure 5b represent places under the filter and presence of 
turbulent flow also in this area., figure 6 shows cut through 
melt and turbulences on upside of filter. On fig. 7a is pos-
sible to see, that by passing the melt through pressed filter, 
it is significantly higher chances for reoxidation to occur. 
Also observable is, that holes in filter have small diamaters, 
and proximity between them is enough, to separate main 
This fact affects amount of melt free surface area exposed 
to atmosphere in gating system (fig. 7b – melt colour yel-
low and orange). 
In later phase of filling (fig. 8), colour of melt under 
the filter reaches red spectrum, this fact indicates growing 
chances of reoxidation product to occur. After the whole 
casting is filled with melt, all of melt in mould reaches blue 
colour, what is significantly worse, when compared to 
variant without the filter. 
   
  
 
a) b)
 
              
       Fig.  4.  Simulation of  filling chill mould  with implemented extruded filter 
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a)
 
b)
 
 
      Fig. 5. Simulation of filling chill mould with implemented extruded filter in time of pouring stream of melt into smaller streams. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Simulation of filling chill mould with implemented extruded 
filter – cut 
 
  
 
3.  Result discussion  
 
   Main aim of this article was to point out the problems 
associated with filtration and reoxidation of aluminium 
alloys. Purpose for this works was previous discovery of 
anomalies during experimental works, which proven, that 
after filtration of certain alloy materials, oxide films was 
founded on microstructural evaluation. These oxide films 
were not founded on samples poured without filter. These 
oxide films have no significant impact on mechanical 
properites of observed alloys.  
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b)
 
          
        Fig. 7. Simulation of filling chill mould with implemented pressed   filter in time of pouring 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Simulation of filling chill mould with implemented pressed 
filter at the end of pouring 
  
 
4.  Conclusions 
 
    From submited simulation results we can say, that filtra-
tion medias have direct impact on reoxidation processes 
originated during pouring of aluminuim alloys. Major im-
pact have type and thickness of filters, also diameters of 
holes and placement of filters in gating system.  
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